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Abstract 
Object tracking is the key feature of video analysis. In this paper, we present a method to track object in a multi-sport field. Mean 
shift algorithm is a kernel tracking approach which tracks on the basis of color and shape of the target object. Due to constant 
motion in a playground, it is difficult to track the same body because of changing color and direction. Hence we introduce a novel 
method, Incremental Discriminative Color Object Tracking to track entities on a sports ground. We have proposed to modify 
certain elements of the original Mean Shift algorithm so as to track entities in video streams with changing color, shape and 
direction. The trajectory formed from this method enables us to calculate the distance covered by an entity in the field. 
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1. Introduction 
Detection of moving entities is an exciting and complex issue, in the field of machine vision. Moving object 
detection is applied in various areas such as human tracking, medical image processing, traffic system monitoring 
and sports video analyzing. In the current scenario, sports video analyzing has become an extremely attractive 
research area, which involves the analysis of players’ movements, the tactics used, referee's decisions, and so forth.  
2. Review of Literature 
In sports, especially at top level contest a small advantage of a team regarding another can be of vital importance 
and decisive for a match. Teams are therefore always trying to enhance their game play performance and tactics in 
order to achieve this advantage. So, it could be of enhanced help to record the game sequence from tactical areas 
where the ﬁeld can be surveyed entirely and where the movements of all players may be recorded with accuracy. 
This way, after the game, the team’s coach can identify their weak points and deﬁne measures to improve the team 
global behavior. Besides acquiring high definition pictures it would also be exciting to track the players and analyze 
their behavior during the game, such as number of shoots and goals, covered area, total passes made, interaction 
between players, etc. Usually, the shape and color are used to segment the player1. However, these common features 
may fail to detect the player when players of the same team or similar objects such as socks of the player, and the 
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ground line appear in the scene. Some of the existing technologies which are able to track players but not as 
effective are mentioned further. Boosted Particle Filter (BPF) which is a single target tracker can be used to track 
players1. However, these trackers do not provide a global view of the scenario and thus tend to fail to track players 
when obstruction occurs. Another strategy is to ﬁrst identify/detect players and then link these detections into tracks. 
Close up cameras have been used in previous player identiﬁcation systems in the sports domain. These systems 
relied on face recognition or recognition of shirt numbers. Unfortunately, these systems only apply to close-up and 
front-view pictures where facial features are clear and shirt numbers are visible1. Recently, a system has been 
introduced that recognizes a player from 8 stationary cameras, but it still requires multiple cameras with close-up 
views. This paper is devoted to developing a system to track and identify players from a single broadcast video 
taken from a pan-tilt-zoom camera. The only input of the system is a single broadcast sports video1. The system will 
localize and track players, recognize the players’ identities, and estimate their approximate positions on the pitch. In 
contrast to a large number of existing techniques that utilize video sequences taken by multiple cameras, the system 
proposed in the paper has two main advantages:  
(1) This system works efficiently with a single un-calibrated pan tilt-zoom camera. This escapes the expensive 
process of installing a calibrated camera network into the stadium, which is usually unfeasible for amateur sports 
ﬁelds. 
(2) The system also has the ability to analyze existing sports video archive taken by un-calibrated moving cameras 
(e.g. sports videos in YouTube). 
3. Methodology 
3.1 Mean Shift Algorithm 
Mean Shift Algorithm is a tracking algorithm used to find the densest point amongst a distribution of identical 
points. Former knowledge of the amount of clusters is not required, and it does not limit the shape of the clusters. In 
Mean Shift algorithm, we find the densest point using the region of interest and the center of mass. A sample point is 
assumed in the area whose dense point has to be found. Another point is calculated as the actual mass of center of 
the region. Now the former point is moved from its original location to the latter’s position. Again the same process 
is repeated till a point it achieved where the assumed point and the center of mass are identical2. The mean shift 
algorithm can be described using this algorithm: 
Mean Shift is non-parametric and an iterative algorithm which shifts the mean of the candidate probability 
density function (PDF) to be in the same position as the mode of the model2. Mathematically, let the target model 
q= {ݍ௨} 1: m where m is the number of bins, the normalized hue (H) distribution of target candidate p(y) = 
{݌௨(y)} 1: m centered at y can be calculated using equation (1) 
                                           
               
where {ݔ௜ }i=i,…,݊௛are the ݊௛pixel locations of the target candidate in the target area pixel ݔ௜to the histogram 
bin is associated by b(ݔ௜),kernel profile k(x) with bandwidth h, and ܥ௛ is a normalization function defined as: 
                                               
The model for target q is obtained in similar way. Bhattacharyya coefficient is used in Mean Shift algorithm to 
measure similarity between PDF of target and candidate model, as shown in equation (3). 
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Taking Taylor series expansion around y0 and neglecting higher order term of equation (3): 
 
                  
  
A new location is found on minimization of equation (4) when it moves from ݕ଴toݕଵ .2 
         
The iterative step of Mean Shift tracker stops when ݕଵ-ݕ଴≤ ϵ. Essentially, Mean Shift algorithm uses (p(y), q) in an 
iterative fashion to match the modes of candidate model with that of the target models. Thus mean shift procedure, 
obtained by iterative 
 
• Calculation of the mean shift vector  
• Transformation of the window by 1. 
 
Is definite to converge to a point where the gradient of density function is zero2. Thus in a football game, the players 
run fast and move in random direction. In mean shift tracking the players can be tracked well in the first few frames 
but fails in case of a collision between 2 players due to the fast movement. In a more concrete analysis on the 
football field, similar objects in the neighborhood with the same color intensities can lead to confusion in the object 
to be tracked2. 
The key problem in this approach is that it is problematic to keep track of the search space. Now if the object moves 
out of the defined search space in a single frame, Mean Shift fails to identify and track the object. The probability of 
the right player being tracked gets divided into the number of players involved in the collision. To avoid such 
situations, we have proposed a unique approach in the next section3. 
 
3.2 Proposed Theory 
Object tracking involves selecting an object in the first frame roughly. The surrounding area is calculated 
spontaneously in a way that the number of background pixels in the region is almost same as the pixels in the object 
region. w= √2 × w and h = √2 × h are used to calculate the width and height of the outermost rectangle. . Where w 
and h are the width and height of the selected object region. In object tracking, a model for the object needs to be 
generated. The aim of this model is to clearly identify the player from the background (football pitch) in the 
subsequent frames. Using this object model, the object localizer approximates the target object in the ensuing 
frames. Now, an effective incremental method to update the object model and learn the appearance along with the 
tracking using mean shift is employed. Each step is explained below: 
 
3.3 Object Model 
This object model is developed based on discriminative 3D joint RGB histogram of the object and background. The 
quantized 3D joint RGB histograms of the region within the inner rectangle and the region between the inner and 
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outer rectangles are calculated. Positive part of the log-likelihood ratio of object region and background region 
surrounding the object is used to determine object model.1 
 
                                                                   (6) 
 
Where,ܪ଴ሺݏሻ is the histogram of the area within the object rectangle and ܪ௕ሺݏሻ is the histogram of the background. 
The colour seeds of the object usually have higher values and those of the background have negative values. The 
seeds that are shared by both the object and background are generally zero. Thus, to calculate the object area, only 
the positive seeds are used as it provides the accurate object area. ϵ is a small non-zero value used to prevent 
dividing by zero or taking the logarithm of zero3. 
 
3.4 Detection and Localization 
Using the object model the target player is detected continuously in the succeeding frames. The positive part of the 
log-likelihood ratio is used for object detection. And simultaneously mean shift is used for object localization. 
3.5 Model Update 
Due to the random motion of the player, the cooler intensities and the size of the object frames varies1. The already 
calculated object model cannot be used due to these crucial changes. Hence, the model needs to be updated based on 
the most recent observations. Thus, mean shift provides the shift in the frame and the log-likelihood ratio is used to 
create the new updated object model.  
 
4. Conclusion 
In this paper we have proposed an effective algorithm to overcome the drawbacks of Mean shift which does not 
remain effective when a collision between players occur. Thus using an object model and iterative mean shift we can 
effectively track an object. In his method the probability factor of tracking the right object is sufficiently high. It also 
ignores the excess spatial information that is not desired for tracking of the player by separating the background 
from the player’s pixels. We will further work on improving the probability factor involved in this method. 
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